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EHJLQQLQJRI WKH UHSUHVHQWDWLYHVRI WKHGLYLVLRQ6ORYWUDQVJD] FDPH WR WKH'HSDUWPHQW RI6WHHO DQG7LPEHU
6WUXFWXUHVRIWKH6ORYDN8QLYHUVLW\RI7HFKQRORJ\LQ%UDWLVODYDZLWKDUHTXHVWWRFRRSHUDWHLQDVVHVVLQJDQGVROYLQJ
WKHSUREOHPVRIVWHHOVWUXFWXUHVRIWUDQVLWJDVSLSHOLQHLQ6ORYDNLD7KHPHWKRGRORJ\RIGLDJQRVLVRIWKHVXSSRUWLQJ
VWUXFWXUHV RI WKH 76 KDV EHHQ GHYHORSHG JUDGXDOO\ DQG QHFHVVDU\ PHDVXUHPHQW GHYLFHV ZHUH VHOHFWHG ,Q 
FRPSOHWH GLDJQRVWLF LQVSHFWLRQV RI DOO EULGJHV ZHUH SHUIRUPHG 7KH ILUVW UHSDLU DQG UHFRQVWUXFWLRQ ZRUNV RQ
LQGLYLGXDOEULGJHVVWDUWHGVKRUWO\DIWHUZDUGV
'HVFULSWLRQRIWKHORDGEHDULQJVWUXFWXUHRIWKHEULGJLQJ
,Q6ORYDNLDWKHUHDUHWKUHHW\SHVRIEULGJHV
KLQJHGWUXVVDUFKEULGJH)LJ
VHOIVXSSRUWLQJFDQWLOHYHUHGSLSH)LJ
FRQWLQXRXVWULSOHVSDQKLQJHWUXVVRYHUWKHULYHU2QGDYD)LJ

)LJ7KUHHKLQJHGWUXVVDUFKEULGJH  )LJ&DQWLOHYHUHGVHOIVXSSRUWLQJSLSH
)LJ7KUHHSROHFRQWLQXRXVWUXVVEULGJH
7KHSLSHVRIVWDQGQGWUDQVIHUV\VWHPOLQHVDUHODLGGRZQRQWKHWKUHHKLQJHGDUFKWUXVVSLSHEULGJHV)LJ
ZLWKGLIIHUHQWVSDQVDQGDUFKKHLJKWVRQWRS7KHVWUXFWXUHVZHUHEXLOWIURPVWDQGDUGL]HGFRPSRQHQWVPDQXIDFWXUHG
IRU EULGJLQJ RYHUSDVVHV RIZDWHUZD\V7KHPDLQ EHDPV DUH DVVHPEOHG IURP GRXEOHG SDUWV'RXEOH FURVVLQJV DUH
LQVHUWHGEHWZHHQHDFKVHJPHQWRIWKHEHDP7KHFXUYDWXUHRIWKHPDLQEHDPLVFUHDWHGE\WUDSH]RLGDOVKDSHRIWKH
FURVVLQJV7KHGLVWDQFHEHWZHHQFURVVJLUGHUVLVPPPHDVXUHGDORQJWKHFHQWUHOLQHRIWKHDUFK7KHFURVV
JLUGHUV DUH DWWDFKHG WR WKH WZRPDLQ GRXEOH DUFKHV E\ EROWV +RUL]RQWDO UHLQIRUFHPHQW EHWZHHQ WKH WZR GRXEOH
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DUFKHGPDLQ EHDPV LV LQ WKH SODQH LQ WKHPLGGOH RI WKHPDLQ EHDPV¶ KHLJKW ,QGLYLGXDO DVVHPEO\ SDUWV DUH IXOO\
ZHOGHGWUXVVHVFRPSRVHGRISLSHVHFWLRQV3LSLQJRIWKHVWDQGQGOLQHLVLQWKHORFDWLRQRIWKHFURVVJLUGHUVRQ
EHDULQJV7KHVHUROOHUEHDULQJVDOORZVOLGLQJRIWKHSLSHDVWKHWHPSHUDWXUHOHYHOVDURXQGWKHSLSLQJDQGWKHSLSHOLQH
EULGJHFKDQJH7KHUGSLSHOLQHRIWKHWUDQVIHUV\VWHPSDVVHVFHUWDLQULYHULQWKHIRUPRIDVHOIVXSSRUWLQJDUFK)LJ
 ZLWK GLIIHUHQW PDUJLQV 7KURXJK WKH VHOIVXSSRUWLQJ DUFK WKH DQFKRU EHDULQJV DUH IL[HG WR WKH SLSH LQ WKH
LQIOHFWLRQSRLQWV7KHVHEHDULQJVDUHLQVWDOOHGRQDQFKRUIUDPHVZKLFKKDYHFRQFUHWHIRXQGDWLRQV
$QDO\VLVRIWKHORDGEHDULQJVWUXFWXUHRIWKHEULGJLQJ
'XH WKHXQHYHQGHIRUPDWLRQRI WKHSLSH DQG WKHEULGJH VRPH VXSSRUWLQJ VHDWVRQPRVW WUXVV DUFKEULGJHV DUH
GLVDEOHG OLIWLQJ RI WKH SLSH DERYH WKH DUFK EULGJH RU WKH DQJXODU SRVLWLRQ RI SLSHOLQHV UHVXOWV LQ HFFHQWULF
FRPSUHVVLRQRIWKHVHDWVSULQJVWRWKHLUIXOOFDSDFLW\,WZDVSRVVLEOHWRLGHQWLI\WKHFDXVHVRIWKHµOLIW¶RISLSHOLQHV
IURP WKH VHDWV IURP WKH DUFK VXSSRUWLQJ EULGJH VWUXFWXUHV E\ D GHWDLOHG WKHRUHWLFDO DQDO\VLV 7KH UHVXOWV RI WKH
DQDO\VLVVKRZHGWKDWWKHLQLWLDODVVXPSWLRQLHWKDWWKHSLSHLVIXOO\VXSSRUWHGE\WKHSLSHEULGJHLVQRWVDWLVILHG
8VHRIWKHRULJLQDOEHDULQJVHDWVGRHVQRWVXIILFLHQWO\DFWLYDWHWKHSLSHOLQHEULGJHV$VVHVVPHQWRIWKHRIWKHSLSHLQ
WKHIURQWDQGEDFNRIWKHEULGJHLQWKHHDUWKERG\EUDNHSLSHVDQGDQFKRUEORFNVDQGWKHGLYHUVLW\RIFOLPDWLFDQG
RSHUDWLRQDOWHPSHUDWXUHVKDYHDVLJQLILFDQWLPSDFWRQWKHLQWHUDFWLRQEHWZHHQWKHSLSHDQGWKHEULGJH1HZW\SHVRI
VHDWV ZLWK ERWWRP WHOHVFRSHV ZLWK VXIILFLHQW VSULQJ GHIRUPDWLRQ FDSDFLW\ WR HOLPLQDWH VKRUWFRPLQJV RI SLSLQJ
VXSSRUWVZHUHGHYHORSHGDQGGHVLJQHG
'HWDLOHG DQDO\VLV DQG SURSRVLWLRQ RI WKH PRVW DGYDQWDJHRXV DQG WHFKQRORJLFDOO\ VLPSOH PHWKRG IRU UHSDLULQJ
UHFWLILFDWLRQZDVQHFHVVDU\IRUHDFKUHSDLUHGEULGJH
5HFWLILFDWLRQRIWKHEULGJHLVDUHSDLUFRUUHFWLRQRIWKHVWUXFWXUHWRDFKLHYHWKHSURSHUFRQGLWLRQV
8QWLOQRZVL[VXFFHVVIXOUHFWLILFDWLRQVZHUHPDGHWKURXJKWKHFRRSHUDWLRQEHWZHHQWKH'HSDUWPHQWRI6WHHODQG
7LPEHU6WUXFWXUHV)DFXOW\RI&LYLO(QJLQHHULQJLQ%UDWLVODYDDQG(XVWUHDP'HSDUWPHQWRI0DLQWHQDQFHDQG5HSDLU
RI3LSHOLQHV6HQLFD7UQiYNDDQG'XGYiKEULGJHVDUHH[DPSOHVRILPSOHPHQWDWLRQRIWKHUHFWLILFDWLRQSURFHGXUHLQ
EULGJHVWUXFWXUHVGHSLFWHGLQWKLVSDSHU
&RQWURO VWDWLF FDOFXODWLRQV RI VXSSRUWLQJ VWUXFWXUHV RI WKH EULGJHV ZHUH SHUIRUPHG LQ DFFRUGDQFH ZLWK WKH
DSSOLFDEOH WHFKQLFDO VWDQGDUGV 7KH UHVXOWV RI WKHVH VWDWLF FDOFXODWLRQVZHUH WKHQ XVHG WR FKHFN WKH ORDG EHDULQJ
VWUXFWXUHVRIWKHEULGJHVIRUWKHXOWLPDWHOLPLWVWDWHV
7KHFDOFXODWLRQZDVSHUIRUPHGXVLQJD)(0EDVHGSURJUDP7KHVSDWLDO'EHDPPRGHOZDVXVHG)LJ
,QWHUQDO IRUFHVDQGGHIRUPDWLRQVRI WKHVWUXFWXUHZHUHGHWHUPLQHG IRUHDFKFULWLFDOFRPELQDWLRQRI ORDGHIIHFWVRI
OLQHDU DQG QRQOLQHDU DQDO\VLV )RU WKH QRQOLQHDU FDOFXODWLRQ JHRPHWULF QRQOLQHDULW\ ZDV WDNHQ LQWR DFFRXQW
'HYLDWLRQV EHWZHHQ WKH UHVXOWV DFKLHYHG E\ WKH OLQHDU DQG QRQOLQHDU DQDO\VLV ZHUH DSSUR[LPDWHO\  RI WKH
XQIDYRXUDEOHVLGHLQFRPSDULVRQWRWKHUHVXOWVRIOLQHDUFDOFXODWLRQ







)LJ6WUXFWXUDOPRGHORIWKHEULGJH
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5HFWLILFDWLRQRIWKH%ULGJHV
7KUHH W\SHVRIERWWRPVHDWVZLWK VSULQJ WHOHVFRSHVZHUHXVHGDW WKH7UQiYNDEULGJLQJ7KHGHVLJQRI VHDW7
ZKLFKZDVGHYHORSHGIRUWKHEULGJHRYHUWKHULYHU%OKLVEDVHGRQWKHVXIILFLHQWGHIRUPDWLRQFDSDFLW\RIWKHQHZ
VXSSRUWVSULQJVZKLFKZHUHXVHGLQWKHXSJUDGHGSLSLQJV\VWHPEHGGLQJ)RUUHFWLILFDWLRQRIWKHSLSHLQWKHYHUWLFDO
GLUHFWLRQFRQLFDOEDQGVSULQJVZLWKDPD[LPXPVXVSHQVLRQIRUFH)PD[ N1ZHUHGHVLJQHG7KHERWWRPVHDWV
ZLWK VSULQJ WHOHVFRSHV DUH LQVHUWHG XQGHU WKH SLSHOLQHV WKH DGHTXDWH FRPSUHVVLRQ VWDWH GHSHQGLQJ RQ WKH
WHPSHUDWXUHRIWKHDWPRVSKHUHDQGDUHDWWDFKHGWRWKHXSSHUEDQGRIWKHFURVVJLUGHUVRIWKHSLSHOLQHEULGJH7KH
VHDW LWVHOI FRQVLVWV RI WZR VSULQJV HPEHGGHG LQWR WKH VSOLW F\OLQGHU VKHOOV  WHOHVFRSHV 7KH ORZHU SDUW RI WKH
F\OLQGULFDO KRXVLQJ LV ZHOGHG WR WKH VXSSRUWLQJ SODWH DQG WKH XSSHU PRYDEOH SDUW LV OLNHZLVH ZHOGHG WR WKH
VXSSRUWLQJSODWHRIWKHVDPHGLPHQVLRQV$IWHUFRPSUHVVLRQRIWKHVSULQJWKHLUSRVLWLRQLVVWDELOL]HGE\WKHVFUHZV
0ZLWKXSSHUHQGWKUHDGLQJ$IWHUVHWWLQJWKHWHOHVFRSHWKHVZLWFKLQJVFUHZVGHILQHWKHZRUNLQJGLVWDQFHRIWKH
WHOHVFRSH XQWLO WKH YHUWLFDO SLSH IL[DWLRQ DIWHU WKH VSULQJ LV UHOHDVHG 6HDW KHLJKW ZLWKRXW WKH UROOHU LQ WKH QRQ
FRPSUHVVHGVWDWHLVPP7KLVW\SHRIVHDWLVODEHOOHG7DQGLVXVHGRQWKHEULGJH7UQiYNDDWWKHFURVVJLUGHUV
ZKHUHWKHGLVWDQFHVEHWZHHQWKHSLSHDQGWKHXSSHUIODQJHVDUHVXIILFLHQWO\ODUJH)LJ6HDWV7DUHXVHGLIWKH
GLVWDQFHEHWZHHQ WKHSLSHDQG WKHXSSHUHGJHRI WKHXSSHU IODQJH LV VKRUWHU WKDQPP7HOHVFRSLFRQHVSULQJ
VHDWVDUHORFDWHGRXWVLGHWKHVXSSRUWLQJVWUXFWXUHRIWKHXSSHUFURVVJLUGHU)LJ7RVHFXUHWKHSRVLWLRQRIWKHVHDW
WHOHVFRSLFJXLGHURGVZHUHGHVLJQHGLQWKHGLUHFWLRQRIWKHFURVVJLUGHU7KHVZLWFKLQJEROWVDUHGULYHQWKURXJKWKH
FHQWUHRIWKHWHOHVFRSLFVHDW'LPHQVLRQVRISURILOHVEDVHGRQWKHLQLWLDO7)RUWKHFURVVJLUGHUVDWWKHWRSRIWKH
DUFKEULGJH7UQiYND WHOHVFRSHVZHUHGHVLJQHG LQ WKHIRUPRIVLQJOHVSULQJ7)LJZKLFKZHUHSODFHGRQ WKH
XSSHUIODQJHRIWKHFURVVJLUGHU7KHSULQFLSOHRIVWDELOL]DWLRQLVVLPLODUWRWKHW\SH77KHGHIRUPDWLRQRIPPDW
WKHPLGVSDQRIWKHDUFKEULGJHIURPWHPSHUDWXUHFKDQJHǻ &ZDVGHWHUPLQHGE\FDOFXODWLRQ
7KHDQWLFLSDWHGOLIWLQJRI WKHSLSHOLQHLQ WKHPLGGOHRI WKHDUFKVSDQLVPPWKHPD[LPDOGLVWDQFHEHWZHHQ
EULGJHDQGSLSH LV WKHUHIRUHPPPP PP%DVHGRQ WKHVH WKHRUHWLFDOFDOFXODWLRQVDQG ODERUDWRU\
YHULILFDWLRQRIVHOHFWHGVSULQJVWKHYDOXHRIWKHFRPSUHVVLYHIRUFHWKHVSULQJZLOOEHFRPSUHVVHGE\LQDWHOHVFRSLF
VHDWVZDVGHWHUPLQHG,QRUGHUWRFDSWXUHWKHZKROHUDQJHRISRVVLEOHPRYHPHQWVRIWKHSLSHOLQHEULGJHWKHVSULQJV
ZHUHORDGHGE\DFODPSIRUFH) N1ZKLFKFRUUHVSRQGHGWRDGHIRUPDWLRQRIDERXWPP




)LJ6HDWW\SH7OHIW7ULJKW )LJ6HDWW\SH7


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)LJ6LGHJXLGHFDQWLOHYHU
3UHSDUDWLRQZRUNV

7RHQVXUHRSHUDWLRQDOUHOLDELOLW\DQGVDIHW\GXULQJWKHUHSDLUZRUNVWUHVVOHYHOPHDVXUHPHQWZDVUHTXLUHGLQWKUHH
VHOHFWHG VHFWLRQV DW ERWKSLSHOLQHV 6HOHFWHG VHDWVZLWK VXSSRUWLQJ UROOHUV DW FURVVJLUGHUVRI WKH VW SLSHOLQHZHUH
UHPRYHG7KHPLGGOHILWWLQJFDQWLOHYHUVDQGVLGHILWWLQJFDQWLOHYHUVQH[WWRWKHQGSLSHOLQH)LJZHUHZHOGHGDW
WKHFURVVJLUGHUV'HYLFHVSUHYHQWLQJGRZQIDOORI WKHROGVHDWV IURP WKHFURVVJLUGHUVZHUH LQVWDOOHGXQGHU WKHVW
SLSHOLQH,QQH[WVWHSWKHVHDWVKDYHEHHQHQDEOHGWRPRYHLQWKHKRUL]RQWDOGLUHFWLRQDQGZHUHSODFHGRQUROOLQJ
SLQV 7KH SXOO GHYLFH ZDV SUHSDUHG DQG IL[HG WR WZR ROG VHDWV XQGHU WKH QG SLSHOLQH &ODPSLQJ GHYLFHV ZHUH
SUHSDUHGWRR7KHQH[WVWHSDIWHUSUHSDULQJWKHVHDFWLRQVZDVSXOOLQJWKHSLSHOLQH

+RUL]RQWDOUHFWLILFDWLRQDQGIL[DWLRQ

'XULQJ WKHSXOOLQJVWHS LWZDVQHFHVVDU\ WRPRYH WKHSLSH WR WKHD[LVRI WKHEULGJHDERXWPPLQ WKHSODFH
ZKHUH LWV GHYLDWLRQZDV WKH ODUJHVW 3XOOLQJZDVSHUIRUPHG LQ WKUHH VWHSV XVLQJN1K\GUDXOLF SUHVVHV*OREDO
WHQVLRQOHYHOVRIWR03DZHUHFUHDWHGE\WKHKRUL]RQWDOGLVSODFHPHQWRIDSSUR[LPDWHO\PP
7KH WRWDOPD[LPXPWHQVLRQPHDVXUHGGXULQJSXOOLQJRII UDQJHGIURP WR03DZLWKRXW WKH LQIOXHQFHRI
WHPSHUDWXUH7KHVHWHQVLRQVZHUHJUDGXDOO\UHGXFHGDQGVSUXQJEDFNLQWRWKHSLSHOLQHDURXQGWKHEULGJH7KHVKLIWV
ZHUHPHDVXUHGDIWHUHDFKVWHSDWHDFKRIWKHFURVVJLUGHUVRIWKHVWSLSHOLQH$IWHUHDFKVWHSWKHSRVLWLRQZDVIL[HG
ZLWKFODPSLQJGHYLFHV

:RUNVDIWHUKRUL]RQWDOUHFWLILFDWLRQ

3LSHRIWKHVWOLQHZDVIL[HGLQWKHQHZSRVLWLRQE\FODPSLQJGHYLFHVRQWKHQGSLSHOLQH2OGVHDWVRQWKHFURVV
JLUGHUVZHUHIL[HGWRSUHYHQWKRUL]RQWDOVKLIWDQGWKHPLVVLQJVLGHFDQWLOHYHUVZHUHDGGHG
2OGVHDWVXQGHUERWKSLSHOLQHVZHUHJUDGXDOO\UHPRYHG7KHZHDNHQHGXSSHUIODQJHVRI WKHFURVVJLUGHUVZHUH
UHLQIRUFHGZLWKZHOGHGVHFWLRQVRIVKHHWPHWDO
7KH QHZ ERWWRP WHOHVFRSLF VSULQJ VHDWV 7 7 DQG 7ZHUHPRXQWHG WR WKH FURVVJLUGHUV 7KH IRUFH LQ WKH
VSULQJVZDVVHWWR)§N1VRWKHUROOHUVRIWKHVHDWVZHUHLQFRQWDFWZLWKWKHERWWRPVLGHRIWKHSLSHOLQH,QQH[W
VWHSWKHVHDWVRQWKHHQGRIWKHFURVVJLUGHUVZHUHFKDQJHG
9HUWLFDOIL[DWLRQ7KHUHOHDVHRIWKHVSULQJVZDVFDUULHGRXWE\JUDGXDOORRVHQLQJRIWKHVFUHZVIURPWKHFHQWUHRI
WKHEULGJHV\PPHWULFDOO\RQERWKVLGHV,WZDVQHFHVVDU\WRPRQLWRUWKHVHORDGFDVHVZLWKVWUDLQJDXJHVDQGJHRGHWLF
PHDVXULQJ5HVXOWVRIPHDVXUHPHQWVZHUHFRPSDUHGZLWKWKHRUHWLFDODVVXPSWLRQV

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)LQLVKLQJZRUN

$IWHUWKHDFWLYDWLRQRIWKHHQWLUHV\VWHPWKHUHPDLQLQJROGVHDWVDQGSXOODQGIL[GHYLFHVZHUHUHPRYHG
5HFWLILFDWLRQFKDQJHGWKHVWDWLFVFKHPHRIWKHSLSHOLQHDQGWKHVSDQRIVXSSRUWVFKDQJHGIURPPWRP
7KHQHZV\VWHPZDVLQVSHFWHGLQWKHILUVW\HDURQDTXDUWHUO\EDVLVLQHDFKVHDVRQRIWKH\HDU

2QO\RQHW\SHRIORZHUVHDWZLWKVSULQJWHOHVFRSHLVXVHGRQWKHULYHU'XGYiK±77HFKQRORJLFDOSURFHGXUHZDV
PRGLILHGDQGZDVVLPLODUWRWKHEULGJH7UQiYND7KHVHEULGJHVKDYHWKHVDPHGHVLJQZLWKLGHQWLFDOJHRPHWU\6WUDLQ
PRQLWRULQJV\VWHPZDVLQVWDOOHGRQWKHSLSHGXULQJWKHSUHSDUDWRU\ZRUN
&RQFOXVLRQ
7KHSURFHGXUHLQWKHVHW\SHVRIUHFWLILFDWLRQLVFRQWUROOHGVRWKHSLSHLVDWDOOWLPHVLQHODVWLFVWDWHDQGWKHDGGLWLRQDO
VWUHVVHVDUHPLQLPDO$IWHUYHUWLFDOIL[DWLRQDQGSUHVVXULVLQJWKHSLSHLQWRWKHRSHUDWLQJVWDWHWKHVWUHVVLQWKH
SLSHOLQHJUDGXDOO\VSULQJVEDFNDQGWKHUHVXOWLQJPHDVXUHGYDOXHVRIWKHDGGLWLRQDOVWUDLQVGRQRWH[FHHGWR
03D'XULQJWKHHQWLUHUHFWLILFDWLRQSURFHVVWKHWHFKQRORJLFDOSURFHGXUHVHQVXUHRSHUDWLRQDOUHOLDELOLW\DQGVDIHW\RI
WKHSLSHOLQHV\VWHP
$FNQRZOHGJHPHQWV
7KLV ZRUN ZDV SDUWLDOO\ VXSSRUWHG E\ WKH 6FLHQWLILF *UDQW $JHQF\ RI 6ORYDN 5HSXEOLF JUDQW 1R 9(*$

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